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Free Radicals (FR) are substances that derive from incompletely 
oxidated compounds that have undergone partial burning and that 
have, in their structure, oxygen groups capable of initiating, at the 
surface of the cell membranes or even within the cells, aggressive 
oxidation reactions. FR result from both processes occurring in the body 
(incomplete catabolism, energy production, hepatic detoxification, 
etc.) and the outer environment (cigarette smoke, polluted air, foods, 
medicines, well/tap water, etc.) [1]. Radicals are generated within the 
initiation stage; they participate in a sequence of propagation reactions 
in which the number of radicals is constant; they are later on destroyed 
during the chin interruption stage. Identifying FR can be done through 
spin electronic resonance. The spin electronic resonance (electronic 
paramagnetic) method is based on the spectroscopic observation of 
some transitions between different energy levels depending on the 
electronic spin orientation. From an electric point of view, FR has a 
level-headed character (they generally have no charge) [2]. The presence 
of unpaired electrons makes these species unstable, FR being very 
reactive to the interaction with other molecules because they need to 
pair the electrons and to make up a more stable compound. Though, in 
some cases, the molecules need extreme conditions to make up radicals, 
many cell compounds can be turned into radicals under relatively soft 
conditions, including those specific to living organisms. The forming of 
FR is complicated and it can initiate a series of unpredictable reactions 
in the body, damaging lipids, albumens and nucleic acid.

In living cells, the forming of FR takes place mainly through 
such processes as the homolysis of chemical bonds, photolysis, and 
radiolysis, and as a result of redox reactions. In the cells, FR is made 
up continuously, as by-products of oxygen metabolism during the 
oxidative phosphorylation taking place in mitochondria. The most 
probable way to initiate the forming of FR in the cells is the process 
in which the homolysis of chemical bonds is accompanied by the 
forming of other bonds, which leads to a significant decrease of the 
process activation energy on the whole. Oxidative stress is defined 
as an exaggerated production of oxygenated FR, accompanied by a 
dislocation of anti-oxidation agents. We cannot live without oxygen, 
since it is essential in the functioning of energy-producing cells [3]. A 
body transforms and eliminates carbon dioxide (CO2) almost entirely 
(98%). Unfortunately, the rest is at the origin of some “hyper-reactive” 
species called FR. FR are oxidated derivatives of the electron deficit, 
unstable oxygen molecule, that cause dysfunctions of all body cells. The 
volume of oxygen contained by a single inspiration produces a billion 
FR. Oxygenated FR are at the origin of chain reactions; such a radical, 
unstable as a result of the electron deficit, captures the missing electron 
from a “foreign” molecule that becomes, in its turn, an unstable radical, 
and the process goes on and on.

Free radical action mechanisms and organism defense 
mechanisms

The main actions of FR in a biological system are (Figure 1) 
oxidation of PUFA in the cell membrane, oxidation of amino acids 

in proteins, depolymerisation of hialuric acid, oxidative oxidation of 
DNA, modulation of the activity of nucleotide cyclase, modulation of 
prostaglandin activity and synthesis, etc.

The current concepts of Reactive Oxygen Species (ROS) signaling 
can be grouped into two action mechanisms–alterations of intracellular 
redox state and protein oxidative changes.

Alterations of intracellular redox state
Compared to the extra-cell environment, cytoplasm is normally 

maintained in reducing conditions (accompanied by the buffer redox 
capacity of intra-cell thiol such as GSH and TRX). These thiol systems 
oppose intra-cell oxidative stress reducing H2O2, lipid super oxides and 
peroxides (CAT by HRP).

Protein oxidative changes
ROS can alter the structure and function of proteins, changing the 

rest of amino acids, inducing protein dimerization and interacting with 
other metal complexes (Fe-S). Oxidative changes of amino acids in the 
protein functional domain can involve several pathways. The target cell 
components of free radical action include lipids (LDL), macromolecules 
with complex structure, proteins and DNA. To minimize the negative 
effects of ROS, organisms are endowed with very efficient antioxidant 
defense system. Antioxidant compounds (vitamins E and C, uric acid 
and β–carotene), antioxidant enzymes (SOD, CAT, HRP), and metal 
chelation agents (transferrin, lactoferrin and ceruloplasmin) function 
as an antioxidant system by bonding potential damaging metal ions. In 
oxidative stress, the ratio between pro-oxidants and antioxidants is in 
favor of the former.

The pro-oxidative status is engendered by the presence of FR, while 
the anti-oxidative one is due to free antiradicals; together, they make 
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Figure 1: Reactive oxygen species damage DNA, lipids, and proteins.
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up the oxidative balance. In the presence of oxidative stress, i.e. of a 
positive oxidative balance, the most vulnerable system of a body is the 
central nervous system. Health state analysis has thus shifted from cell 
level to molecular level (molecular biology-FR) and to atomic level 
(atomic physics-electrons). This is the biochemical and biophysical 
context in which the action of anti-oxidative compounds, taking 
into account that oxidative stress is responsible for about 80–90% of 
chronic-degenerative diseases associated to old age [4].

Living organisms and, particularly, the encephalus, are very 
sensitive to the damage produced by FR. Most probably, this is due 
to the following factors: electron-rich neuronal biomolecules recognize 
the oxygen radical, an electrophil ROS (it alters histaminergic, 
serotoninergic systems); neuronal membranes are rich in PUFA 
(privileged molecular substratum of FR); neuronal mitochondria are 
represented in large numbers (mitochondria are the cell core of FR); 
neurons are easily subjected to dedifferentiation as a result of the 
attack by FR on the DNA (they lose their own genetic specialization 
or differentiation and turn into neuter cells, with no specific function); 
neuronal oxygen is certainly present since the brain, unlike other 
organs and tissues, has an overall aerobic energetic metabolism. At 
brain level, there are small amounts of enzymatic and non-enzymatic 
antioxidants.

Vitamin C is an exception, as it has, at brain level, a concentration 
50 times higher than any other part of the organism. This is the key-
substance for the protection of the central nervous system against FR. 
Neurons are “perennial cells” and the cumulated lesions produced by 
FR on the different cell structures could, in time, degrade quantitatively 
and qualitatively, the neurotransmission functions and result in 
behavioral changes. Cell lesions occur under conditions in which the 
rates of ROS are formed is high or when the activity of the defense 
system is low, when there is unbalance between the protection systems 
and the generation systems of ROS [5].

Action mechanisms of free radicals
FR can initiate reversible, small-size changes due not only to 

the low intensity of their formation, but also to the dissipation and 
decomposition reactions. The factor determining the increase of the 
intensity of free radical formation is oxygen activation. Due to the 
presence of this element not only in the atmosphere but also in almost 
all the substances in the body, the interaction of FR with oxygen is 
inevitable. They attack the existing pro-oxidants (substances/ions) 
for which the FR have an affinity. The action of FR on pro-oxidants 
is neutralized by the antioxidants or by the reactions of FR. The 
potential of the process of peroxidation consists in the exceeding pro-
oxidant concentration and is superior numerically to the pro-oxidant 
concentration [6].

The postulate of the ageing theory is based on the reactions of FR 
involved in the changes caused by ageing. The changes are associated 
with the environment, with diseases, and with the intrinsic ageing 
process. This theory is based on the chemical nature of the reactions 
of FR and on their omnipresence. The most reactive of all oxygen 
FR is hydroxyl, which reacts with deoxyribose and the bases of the 
DNA. As a result of the postulate of the ageing theory, we can draw 
two conclusions on the relationship between the deterioration of the 
DNA and maximum life span. The increase agents/processes of the rate 
of deterioration of the DNA and the decrease of DNA recovery can 

speed up the ageing process. Thus, decreasing life span and apparent 
deterioration speed, we can decrease proportionally the speed of the 
specific metabolism (the energetic nutritional supplement).

ROS are considered factors that cause cell dedifferentiation since 
they react with chromatin, they change the bases of the DNA, and they 
cause ruptures of the chain; they induce chromosomal aberrations and a 
long life in the species with a low rate of accumulation of chromosomal 
aberrations; long life species have a low rate of accumulation of age 
pigments, lipofuscine, because ageing rate is proportional with 
metabolic rate for many different species. The oxidative changes 
of proteins under the action of ROS can result in inactivation of 
membrane enzymes and proteins and can induce structural changes 
resulting in destabilization of cell morphology when the target of the 
oxidative attack is cytoskeleton elements [7,8]. In the case of enzymes, 
the effect of ROS consists in a diminution of the catalytic capacity. The 
size of changes is determined by the relative location of the formation 
site of ROS, of antioxidant systems, and of target-protein. ROS play a 
role in mitochondrial damage and in permanent senescence. The results 
of ageing show a decrease of the number of mitochondria and the fact 
that the organites in the aged cells undergo biochemical alterations.

Mitochondrial DNA (mtDNA) can suffer a higher oxidative 
damage than nuclear DNA. Ageing is caused by the damage of mtDNA 
and by the peroxidation of lipids by FR in the inner mitochondrial 
membrane. Rapidly replicated cells do not allow the attack by FR 
because they use low levels of oxygen. The mitochondria of short-life 
span species generate larger amounts of ROS than long-life span species. 
mtDNA damage can block mitochondrial turnover and replication, 
with concomitant damage of the membrane (peroxidation processes). 
We can say that mitochondrion that consumes about 80–90% of 
the oxygen of a cell for the synthesis of the adenosine triphosphate 
(ATP) through oxidative phosphorylation serves as a target for ROS 
in aged tissues [9]. UVA radiations are little absorbed by nucleic 
acids since their maximum of absorption is 260 nm. UVA radiations 
interact with the DNA through indirect mechanisms mediated by 
endogenous photosensitizing compounds. The fact that the irradiation 
of the cells in the absence of oxygen diminishes the lethal effect of the 
UVA radiations shows the involvement of ROS in the interaction of 
UVA radiations with nucleic acids. UVA induce lesions of the DNA 
through the splitting of phosphodiesteric bonds at the level of a single 
chain and the formation of crossed bonds neuraminidase-protein and 
dimerization of adjacent pyrimidines.

Despite of the complexity of the ageing process, a few mechanisms 
influence strongly the ageing rate. This concept forms the bases of 
longevity determining ageing hypotheses that could be stated as follows: 
differentiated cells represent the primary ageing process; ROS cause 
the differentiation; and active mechanisms stabilize the proper state 
of the differentiation, as well as antioxidants represent the category of 
longevity determinants.

A target of the radicalic attack is membrane lipids, because of the 
double bonds in the structure of PUFA. The most frequent PUFA 
in the structure of membrane phospholipids are linoleic, linolenic, 
arachidonic acids [10-12]. The process of peroxidation of PUFA consists 
in the following steps: a free radical extracts a hydrogen atom from the 
allylic position, with turning the PUFA into a lipid radical; then, there 
is intra molecular rearrangement of the double bonds with formation 
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of a conjugated diene; as a result of the reaction between the conjugated 
diene and the molecular oxygen, there occurs a peroxyl radical which 
can react with another molecule of PUFA forming lipid radicals, with 
the turning of the peroxyl radical into lipid hyperoxide. Alternatively, 
the peroxyl radical can form cyclic peroxides. Lipid peroxides, once 
formed, undergo splitting resulting in the propagation of the reaction 
chain and in ramification and decomposition reactions [13]. The 
decomposition of the lipid peroxides results in such compounds as 
alkanes (ethane, pentane), aldehydes (malonic dialdehyde, hexanal, 4–
hydroxinonenal), epoxy and hydroxy fatty acids. The peroxidation of 
membrane lipid affects the structure and functions of plasmatic and 
organite membranes. Thus, transmembrane potentials, ionic flows, 
and transmembrane transport are troubled, membrane receptors are 
inactivated, and signaling paths are deregulated. Through the process 
of lipid peroxidation, there occur membrane components changes of 
lipid and protein nature as a result of the reaction of some amino acids 
with aldehyde peroxidation products [14]. FR and oxidative stress play 
a role in the decrease of dysfunctions at cell level and of the different 
diseases at body level.

The balance between the oxidative actions of free radicals and the 
level of antioxidants in a body essential for life and characterizes the 
capacity of resistance and adaptation of a living body.
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